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Introduction
Public policies aimed at increasing access to formal preschool education are high on the political agenda in a number of countries. There are probably two main reasons for this. First, a higher supply of formal preschool education is seen as a crucial tool for achieving higher (female) participation rates in the labor market. Second, there is a growing body of evidence indicating that there might be important long-term individual benefits to enrollment in preschool education. Among several recent studies, Berlinski, Galiani and Manacorda (2008) and Berlinski, Galiani and Gertler (2009) , using data from Uruguay and Argentina, respectively, present causal evidence of a positive effect of preschool attendance on primary school outcomes. Such effects might also persist in the longer run, as suggested by Havnes and Mogstad (2011a) , who find strong positive effects of a large-scale expansion of subsidized child care in Norway on children's educational attainment and later labor force participation.
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Access to formal child care is a particularly important policy issue in developing countries, where enrollment rates are generally much lower, and where private institutions constitute a much larger share of the formal preschool sector, than in developed countries.
2 Generally low and uneven access to preschool education is arguably reflected in the observation of large disparities in cognitive development at the start of primary school in many developing countries. For example, Paxson and Schady (2007) document a widening gap in cognitive development between poor and non-poor children under the age of 6 in Ecuador. 3 After this age, the gap remains constant. Why do these gaps emerge and why do they stop growing? In light of the previously cited studies, a possible explanation lies in the differences in opportunities available−in particular, access to formal child care−to poor and non-poor children in their early years. In order to remedy such problems, an available policy option is to increase the public supply of (free or widely affordable) preschool education. The intended effects of such a policy are two-fold: i) to provide more equitable access and ii) to increase the total supply of formal child care. However, the success of such a policy depends crucially on the extent to which increased public supply crowds out existing private supply, which in turn depends on how private preschool providers respond strategically to increased competition from public providers. Do private providers respond by lowering their prices and competing more aggressively in all market segments? Or do they react by increasingly targeting higher-income households that do not find public providers attractive?
1 Positive effects of preschool education might even increase over time if human capital investments are characterized by dynamic complementarities, as argued by Carneiro and Heckman (2004) .
2 See UNESCO (2008) for statistics and further information about formal preschool in developed and developing countries. Bastos and Cristia (2012) examine supply and quality choices of private suppliers in the city of São Paulo, Brazil.
3 Paxson and Schady (2010) show that conditional cash transfers are unlikely to contribute towards narrowing this gap.
If an expansion in free-of-charge public supply simply induces households to switch from highquality private suppliers to lower-quality public centers, negative impacts on child development cannot be excluded.
In the present paper we analyze these questions empirically by examining the effect of changes in the supply of public child care services on private child care provision in Brazil. We use rich municipal-level panel data covering the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] to analyze the effect of increased availability of public child care centers on the quantity of private supply, as measured by private enrollment rates and number of private centers. We also check whether increased public supply has any impact on the quality of private child care, as measured by group size, teacher qualification and quality of infrastructure. To plausibly identify exogenous variation in public supply, we exploit unique features of the allocation mechanism of federal transfers to municipalities in Brazil, where the transfers received by local governments exhibit a non-linear and non-monotonic relationship with given population estimates. Results from a regression-discontinuity design reveal that larger federal transfers to a given municipality lead to a significant expansion of public preschool services (as measured by the number of municipal centers and enrollment), but show no effects on the quality or quantity of private preschool provision.
To guide the interpretation of our empirical results, we develop a simple theoretical model of vertical differentiation, analyzing the optimal pricing response of a private child care provider to entry of a public competitor. In the model, public preschool education is free of charge (zero price), whereas private providers optimally set prices in a profit-maximizing way and supply higher-quality services. Demand for preschool services comes from two different segments of households, one with higher willingness to pay for preschool education and more homogeneous preferences than the other. The private provider optimally chooses between a high-price strategy, serving consumers with high willingness to pay only, and a low-price strategy, serving consumers from both segments. An expansion of public supply has ambiguous effects on private enrollment, depending on the difference in willingness to pay across consumer segments and on the relative size of each segment. Crowding-out effects of more public provision are less likely when the differences in willingness to pay across consumer segments are relatively large.
Our paper clearly relates to the more general literature on crowding-out effects of government funding, in particular the strand of the literature dealing with crowding-out effects of public provision of private goods. However, the existing empirical research has mainly been devoted to health care markets. Cutler and Gruber (1996) and Gruber and Simon (2008) analyze the extent to which public health insurance crowds out private insurance, while Cohen, Freeborn and McManus (2013) study crowding-out effects of public providers in the US market for outpatient substance abuse treatment. In each case, sizeable crowding-out effects are identified. The only empirical study on child care markets that we are aware of in this particular strand of the literature is Bassok, Fitzpatrick and Loeb (2012) , who find no evidence of any substantial crowding-out of private providers as a result of increased public provision in the child care markets in Oklahoma and Georgia. In this respect, the results from their study are reminiscent of ours.
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While there is very little empirical literature on the response of private providers to increased public supply of child care, there exists a considerable literature on the effect of public (or subsidized) child care provision on maternal labor supply, which is a related but still quite different issue. Although the reported results from this strand of the literature are quite heterogeneous, most recent studies (applying quasi-experimental approaches) find that increased public financing of child care tends to crowd out existing child care provision, quantitatively ranging from moderate crowding-out effects (e.g., Baker, Gruber and Milligan, 2008) to almost complete crowding out with practically no effect on maternal labor supply (e.g., Cascio, 2009, and Mogstad, 2011b) . However, this literature is generally not able to distinguish whether public child care provision crowds out private provision of formal or informal child care. While this distinction is irrelevant for the question of maternal labor supply, it is of course crucial if the policy aim is to increase the total supply of formal child care in order to reap the long-term benefits of increased preschool attendance.
The rest of the paper is organized as follows. In the next section we present a simple theoretical model of a market for formal preschool education. We use the model to analyze optimal pricing responses of a private preschool provider to entry of a public competitor and identify the circumstances under which public provision is likely (or not) to crowd out private provision. In Section 3 we give some information about the institutional characteristics that are important for the implementation of our empirical analysis. A detailed description of the data is presented in Section 4, while the empirical method and results are presented and discussed in Sections 5 and 6, respectively. Finally, some concluding remarks are given in Section 7.
Theoretical Model
Consider a market for institutional preschool education with potentially two providers: one private and one public. The private provider offers preschool services at quality q and price p. For simplicity, we take a short-term perspective by assuming that the quality level is fixed, making price the only choice variable of the private provider. The public provider offers preschool education for free (zero price). However, we assume that the quality of preschool is lower in the public provider. By normalizing the quality level in the public provider to zero, we can interpret p and q as the price and quality differences, respectively, between private and public preschool.
Demand for preschool services comes from two different segments, henceforth referred to as Segment A and Segment B. Both segments are characterized by unit demand, where each consumer demands either one unit of child care from the most preferred provider, or zero units if that is the utility-maximizing choice. Consumers in Segment A have homogeneous preferences and are characterized by relatively high willingness to pay for preschool education. For a consumer in this segment, the net utility of buying one unit of preschool education is given by 
Consumers in Segment B, on the other hand, are characterized by a lower willingness to pay for preschool services, and we also assume that these consumers are heterogeneous with respect to the marginal valuation of quality. For a consumer in this segment, the net utility of buying one unit of preschool is given by
where v B < v A and θ is uniformly distributed on the interval [0, 1]. Although not explicitly modelled, a reasonable interpretation of the two demand segments would be that Segment A and Segment B consist of high-income and low-income consumers, respectively. We assume that there are n consumers in Segment A, while the total consumer mass in Segment B is normalized to 1. In order to analyze the effect of public preschool supply on private enrollment, we will compare the equilibria under two different scenarios: i) a private monopoly and ii) a mixed duopoly with a private and a public provider. Public price and quality are exogenously given while we let the private provider optimally choose its price in order to maximize profits, which is given by
where c ∈ (0, 1) is a cost parameter and D := D A + D B is total demand for the private provider, which is the sum of demand from Segment A (D A ) and Segment B (D B ). Notice that, since consumers in Segment A are perfectly homogeneous, demand from Segment A is either n or 0 (i.e., D A = {0, n}), while demand from Segment B is a continuous function of the price charged by the private provider. Notice also that the cost of meeting higher demand increases with the quality of preschool services offered. 5, 6 Finally, we assume that it is not possible for the private 5 The restriction c < 1 is made to ensure the existence of equilibrium in the mixed duopoly case. 6 In reality there might also be fixed quality costs. However, as long as quality is exogenously given such costs are provider to price discriminate among different types of consumers.
Private Monopoly
The profit-maximization problem of the private provider involves choosing between a high-price strategy, which induces demand only from Segment A, and a low-price strategy which induces demand from both segments. The optimal high-price strategy is to set the highest possible price that still makes consumers in Segment A willing to buy preschool services from the private provider. This price is given by
At this price, no consumer in Segment B is willing to buy preschool services from the private provider. The corresponding demand and profits are
and
If the provider chooses a low-price strategy, demand from Segment B is given by
is the marginal utility of quality for the consumer in Segment B who is indifferent between buying preschool services or not from the private provider. Notice that consumers in Segment A are always willing to buy preschool from the private provider for any price that makes as least one consumer in Segment B willing to buy (i.e., any price which yields θ M ∈ (0, 1)). Thus, the optimal price under a low-price strategy is given by
The corresponding demand and profits are
irrelevant for optimal pricing decisions and are therefore dropped.
Comparing (6) and (9) yields
From (10) it is easy to verify that the profit difference is monotonically increasing in v A , and that π
The following result follows straightforwardly:
Proposition 1. A private monopoly provider will optimally choose a high-price strategy, serving consumers from Segment A only, if the difference in willingness to pay between the two demand segments is sufficiently high. Otherwise, the provider will choose a low-price strategy and serve consumers from both segments.
This result is quite intuitive. If willingness to pay for preschool is sufficiently higher in Segment A than in Segment B, profits are maximized by setting a price so high that all consumer surplus is extracted from Segment A, at the cost of having no demand from Segment B. Otherwise, if the difference in willingness to pay is sufficiently small between the two demand segments, it is more profitable to adopt a low-price strategy and have demand from both segments. Formally, a high-price strategy is the equilibrium outcome for the parameter space defined by
Mixed Duopoly
In a mixed duopoly, the private provider still has a choice between a high-price and a low-price strategy, but under each strategy the optimal price differs from the corresponding optimal monopoly price. With a public provider in the market offering preschool at zero price, it is no longer feasible for the private provider to follow the same high-price strategy as under monopoly. If the private provider charges a price p = v A + q, all consumers in Segment A would be strictly better off switching to the public provider (which would give these consumers a positive net utility of v A ) and this would leave the private provider with no demand.
In the presence of a public competitor, the optimal high-price strategy for the private provider would now be to set the price equal to the quality difference between private and public preschool:
This would make all consumers in Segment A (weakly) prefer the private provider while the consumers in Segment B would choose the public provider. 7 Thus, the corresponding demand and 7 Notice that, when public child care is offered at zero price, all consumers (in both demand segments) will buy profits for the private center are
and π
If the private provider chooses a low-price strategy, the consumer in Segment B who is indifferent between private and public child care is characterized by θ D = p q . At this price, all consumers from Segment A prefer the private provider, so total demand for this provider is n + 1 − θ D . The profit-maximizing price under a low-price strategy is therefore
At the optimal price, the indifferent consumer in Segment B is characterized by θ p
Thus, an interior solution (i.e., θ D ∈ (0, 1)) requires that n < 1 − c. Otherwise, if n > 1 − c, profits are maximized by choosing the high-price strategy p
only. Intuitively, a low-price strategy that targets consumers in both segments is optimal only if the segment with lower willingness to pay (Segment B) is sufficiently large relative to the other demand segment. The condition n < 1 − c reveals that a necessary (but not sufficient) condition for a low-price strategy to be optimal is that Segment B is strictly larger than Segment A. If the private center chooses the low-price strategy given by (15), demand and profits are given by
We have already confirmed that a high-price strategy is always optimal if n > 1 − c. It remains to check whether a low-price strategy is always optimal for n < 1 − c. A comparison of (14) and (17) reveals that this is indeed the case, as
Thus, the mixed duopoly equilibrium can be characterized as follows:
Proposition 2. In a mixed duopoly, the private provider will choose a high-price strategy, serving consumers from Segment A only, if n > 1 − c. Otherwise, if n < 1 − c, the private provider will choose a low-price strategy and serve consumers from both demand segments.
child care from one of the providers.
Does Public Supply Crowd Out Private Enrollment?
Propositions 1 and 2, when seen in conjunction, reveal that we must distinguish among four different regimes when comparing private demand under monopoly and mixed duopoly.
In this regime, there is a relatively small difference in willingness to pay between the two demand segments, and Segment A is also relatively small compared with Segment B. The private provider will therefore choose a low-price strategy, targeting consumers in both demand segments, regardless of whether it faces a public competitor or not. The presence of a public provider will reduce the price of private preschool and also lead to lower demand for the private provider.
8 Thus, in this regime public preschool supply crowds out private enrollment.
In this regime, the difference in willingness to pay is still small but the size of Segment A is relatively large. The private provider will now respond to public competition by switching from a low-price strategy to a high-price strategy. Sticking to a low-price strategy also in the presence of a public provider would push the optimal price down and lead to lower profits. If Segment A is sufficiently large (n > 1 − c), it is more profitable for the private provider to meet public competition by adopting a high-price strategy and only target consumers with relatively high willingness to pay. As in Regime (i), public child care supply crowds out private enrollment.
If the number of consumers with high willingness-to-pay is relatively large, and if the difference in willingness-to-pay between the demand segments is also relatively large, the private provider will always adopt a high-price strategy, targeting consumers from Segment A only. The presence of a public provider will force the price of private preschool downwards, but demand for the private provider will remain constant, consisting of all consumers from Segment A. In this case, public preschool supply has no effect on private enrollment.
The final regime to consider is the case where the difference in willingness to pay is relatively large, but consumers with high willingness to pay are relatively few. Because of the large difference in willingness to pay, the optimal pricing strategy for the private provider is a high-price strategy 8 From (7)- (8) and (15) in the absence of public competition. However, since the presence of a public provider pushes the price of private child care downwards, sticking to a high-price strategy is optimal only if the size of Segment A is sufficiently large. Otherwise, if n < 1−c, the private provider will optimally respond to public preschool supply by switching from a high-price strategy to a low-price strategy. This regime produces perhaps the most counterintuitive result, where public preschool supply crowds in private enrollment. The presence of a public provider forces the private provider to compete for consumers (in Segment B) who would otherwise not be profitable for the private provider to target. As a result, the demand for private child care increases.
The main results are summarized in Table 1 (tables and figures appear at the end of this paper) and in the final proposition of this theoretical section: Proposition 3. (i) If n < 1 − c and v A < v A , public supply implies that the private provider maintains a low-price strategy and private enrollment decreases;
(ii) If n > 1 − c and v A < v A , public supply implies that the private provider switches from a low-price strategy to a high-price strategy and private enrollment decreases;
(iii) If n > 1 − c and v A > v A , public supply implies that the private provider maintains a high-price strategy and private enrollment is unaffected; (iv) If n < 1 − c and v A > v A , public supply implies that the private provider switches from a high-price strategy to a low-price strategy and private enrollment increases.
Institutional Background
This section describes the institutional setting underlying the empirical analysis. We first outline the rules determining the allocation of federal transfers across Brazilian municipalities, then move on to describing the system governing the provision of formal preschool services.
Federal Transfers to Municipal Governments
Brazil has a highly decentralized system of government. Local governments receive large sums of public funds in the form of intergovernmental transfers, and they are responsible for an important share of public goods provision, notably in the domain of education and culture, health and sanitation, social assistance and local infrastructure.
A single federal fund−Fundo de Participação dos Municípios (FPM)−accounts for about 75 percent of all federal transfers and 40 percent of total municipal revenue. Established by the federal constitution, this fund consists of automatic federal transfers to municipal governments. At least 15 percent of total FPM transfers received by each municipality must be spent on education, and another 15 percent must be spent on health care, while the rest is unrestricted.
The rules governing the allocation of FPM transfers across municipalities provide unique features for our empirical analysis. In particular, the amount of FPM funds transferred to each municipality in a given year depends on population size in a discontinuous way. As discussed in detail below, these discontinuities provide a useful source of exogenous variation in municipal funds available to local governments, part of which must be spent on municipal education.
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The FPM allocation mechanism groups municipalities into population intervals. These intervals determine the coefficients employed to share total state resources earmarked for the FPM. Municipalities in higher population brackets have higher coefficients, and hence receive larger transfers. Each of the 26 federal states receives a different share of the total resources earmarked for FPM.
10 Thus, in a given year, two municipalities from the same state will receive identical transfers if they are in the same interval. Specifically, let F P M ikt be the total F P M transfers received by municipality i in state k in year t. The revenue-sharing rule is:
where F P M ikt is the amount of resources allocated to state k in year t, and θ i is the FPM coefficient of municipality i based on its population size. Due to sample size restrictions, we restrict our attention to municipalities with less than 50,940 inhabitants. These municipalities account for about 90 percent of Brazilian municipalities and 1/3 of the population. The provision of public goods and services in these locations is primarily financed by intergovernmental transfers from federal and state governments−local taxes represent only about 6 percent of fiscal revenue. Table 2 displays the FPM coefficients applied to each population interval. We focus our attention on the initial seven thresholds: 10,189; 13,585; 16,981; 23,773; 30,564; 37,356; and 44,148 . The intervals between the initial three thresholds are equal to 3,396, whereas the intervals between the subsequent thresholds amount to twice as much (6,792). For symmetry, we exclude municipalities with less than 6,793 inhabitants.
The coefficient θ i is assigned to a given municipality by Tribunal de Contas União (TCU) on the basis of population estimates for the previous year. These population estimates are calculated yearly by Instituto Brasileiro de Geografia e Estatística (IBGE), the national statistical institute. IBGE is independent from the government and employs a top-down approach in producing these estimates: municipal-level estimates must be consistent with state-level estimates; the latter must in turn be consistent with population estimates of the whole country (which draw on birth and mortality rates, and net immigration between Censuses).
However, IBGE population estimates for a given year do not perfectly predict the FPM transfers that each municipality effectively receives in the subsequent year. As noted by Brollo et al. (2013) , reasons for such discrepancies may include: i) imperfect adjustments of the coefficients assigned to municipalities that split during the period of analysis; and ii) other distortions in the application of the FPM allocation procedure, which is not audited.
Preschool Provision
According to Brazilian law, in the period of analysis preschool services were provided to children aged between 4 and 6. There are two types of preschool providers:
(i) Public preschool centers which are run either by the municipality or the state.
(ii) Private preschool centers which are run independently.
Public centers are financed by the public budget, predominantly at the municipal level, though a number of states have some state public preschool centers as well. Legal provisions mandate that parents seeking to enroll their children in public preschool must do so in a center that is located near their home. Enrollment in public centers is not subject to tuition fees, and these centers cannot reject children unless demand exceeds capacity. Private preschool providers are generally for-profit and have full discretion over tuition fees (INEP, 2002) . The child care market remains highly unregulated. Although education authorities set minimum recommended standards on teacher qualifications and group size, centers were not bound by strict legal constraints on these variables.
Data
We use data for the period 2000-2006. The key variables of interest are federal transfers to municipal governments, and indicators on the supply and quality of municipal and private preschool. We describe each of these variables in detail below.
FPM Transfers
We use data on FPM transfers received by each municipality and IBGE population estimates (the key variables of the FPM revenue-sharing mechanism). Data on FPM transfers are made available online by Tesouro Nacional, while population estimates can be obtained on the IBGE website. Using these data, we apply the allocation rule described above to construct the "theoretical transfers" that each municipality should receive in each year. The amount of federal transfers that each municipality receives should be computed according to the IBGE population estimates sent to TCU in the previous year. Hence we use yearly population estimates for the period 1999-2005. Table 3 reports summary statistics by population interval on actual and theoretical FPM transfers. We see that average actual transfers within intervals are closely aligned with theoretical transfers. We also see that municipalities in the proximity of the first four thresholds account for about 87 percent of the observations. 
Private and Municipal Preschool Centers
We use administrative data from Censo Escolar on municipal and private preschool centers and their inputs for the years 2000 to 2006. Censo Escolar is a compulsory yearly census conducted by the Ministry of Education, in conjunction with state-level education departments. This data set gathers information on the universe of public and private preschool centers in Brazil. In each year, it comprises data on enrollment, group size, and teacher qualifications. In addition, it collects information on the infrastructure and equipment of each center, such as whether it has adequate sanitation for preschool, a playground, and a refrigerator. To ensure that the information is reported accurately, inspections are conducted every year on a random sample of centers. Table 4 shows descriptive statistics on municipal and private preschool centers in different population intervals. We see that, in the set of municipalities considered, municipal supply accounts for about 86 percent of enrollment and 88 percent of the number of centers. We also see that the proportion of enrollment accounted for by private providers tends to be higher in larger municipalities, reaching almost 20 percent of the total in the largest population intervals. Table 5 reports summary statistics on the aforementioned quality indicators of municipal and private providers. Consistently with the theoretical model presented in Section 2, we see that private centers tend to have systematically higher quality indicators: group sizes are considerably smaller, the share of teachers with higher education is slightly higher, and they are more likely to 11 Theoretical transfers exibit some heterogeneity within intervals due to the different share received by each state. have a playground, adequate sanitation for preschool, and a refrigerator. We also see that quality indicators are fairly homogeneous across municipalities of different size.
Additional Data
To perform validity tests to our empirical strategy, we use additional data from IPEA on a number of time-invariant attributes of municipalities. These include the area of the municipality (in square Km), its altitude, latitude, and longitude, as well as the distances to the state and federal union capitals.
Empirical Method
Here we present the econometric strategy for examining the impact of FPM transfers on the supply of municipal and private preschool in Brazilian municipalities. As shown by Brollo et al. (2013) , the allocation system of FPM transfers makes it possible to apply a (fuzzy) Regression Discontinuity (RD) design. A municipality will receive high versus low federal transfers (the treatment) depending on its population size (the running variable) in a stochastic manner, but the likelihood of being treated conditional on the running variable is known to have sizable discontinuities at multiple thresholds.
In the neighborhood of a given population threshold separating two population intervals of the FPM revenue-sharing mechanism, "theoretical" transfers sharply increase from a lower to a higher level. Theoretical transfers are therefore a step function of population (the running variable). Due to imperfect compliance or measurement error, transfers effectively received by municipalities may differ from theoretical transfers. Theoretical transfers can therefore be thought of as the treatment assignment and actual transfers as the observed treatment. In the neighborhood of the population thresholds, treatment assignment is exogenous, though the observed treatment may also be influenced by additional factors, such as the ability of local governments to sidestep the exogenous assignment rule. As long as actual transfers depend on theoretical transfers, however, we can use the latter as an instrument in a (fuzzy) regression discontinuity setup.
We estimate an equation of the form:
where y it is the outcome of interest, g(P i) is a high-order polynomial in the population of the municipality in the previous year, T it is the amount of FPM transfers received by municipality i in year t (instrumented by theoretical transfer), γ s are state fixed-effects, δ t are year effects, and µ it the error term (clustered at the municipality level).
Empirical Results

Validity Tests
One potential concern about the validity of the fuzzy RD design we adopt is potential manipulation of the running variable−for example, if local governments were able to attract more inhabitants to obtain larger transfers, or manipulate the IBGE population estimates sent to the TCU. As we noted above, the way in which IBGE population estimates are constructed makes these sources of potential manipulation unlikely. Even if the official population figures released to obtain the transfers were subject to manipulation, the use of IBGE estimates (rather than TCU data) as an instrument would remove this problem. We nevertheless inspect for manipulative sorting by performing balance tests (reported in Table  6 ) on several time-invariant municipal characteristics. In the presence of nonrandom sorting, some of these characteristics would likely differ systematically between treated and untreated municipalities around each threshold. The attributes we examine are the area of the municipality (measured in square Km) and its geographical location (altitude, latitude, longitude, and distances to the state and federal capitals). The balance tests are performed by testing for the presence of discontinuities in these attributes at the pooled thresholds. We consider all seven thresholds pooled, and also separately examine the four initial ones (for which we have a larger number of observations in the vicinity of each threshold). Reassuringly, we do not observe any significant discontinuity along time-invariant characteristics of municipalities. We can therefore use a fuzzy RD design as a (local) source of exogenous variation in the neighborhoods of the seven FPM thresholds considered.
FPM Transfers and the Provision of Preschool Services
In this section, we implement (20) to examine the impact of transfers on the provision of municipal and private preschool services. The first column of Table 7 reports the estimated first-stage coefficient on the relationship between theoretical transfers and actual FPM transfers. The point estimate is positive, smaller than one, and estimated with a great degree of precision. The fact that the coefficient is smaller than one might reflect measurement error, e.g., due to differences between IBGE population estimates and those used by TCU. In the second column, we see that theoretical transfers further exhibit a strong positive relationship with total federal transfers (not just FPM transfers) received by municipal governments. This evidence reassures us that the discontinuities of FPM transfers at the thresholds of interest are not offset by systematic changes in other federal transfers−as would be expected in the absence of other relevant policy discontinuities affecting the allocation of transfers around these thresholds.
In Table 8 we examine the effects of larger transfers on the quantity of municipal and private preschool, as measured by enrollment and the number of private centers. Panel A reports the effects on municipal supply. The first two columns report reduced-form regressions relating theoretical transfers to municipal enrollment, whereas the last two columns report results from IV specifications where theoretical transfers serve as instruments for actual transfers. We see that larger transfers increase significantly the number of and enrollment in municipal preschool centers. On average, a one-standard deviation increase in the amount of FPM transfers (8.84 hundred thousand reais) increases municipal enrollment by about 41 pupils (8.5 percent of average enrollment), and raises the number of centers by 2.56 (20 percent of the number of centers, on average). Taken together, these estimates suggest that the marginal municipal centers constructed with the extra FPM revenues tend to be smaller than the average center. We now turn to the effects of larger transfers on the supply of private preschool (reported in Panel B). Since private suppliers operate independently, the amount of FPM transfers would not be expected to affect private supply other than via the observed expansion in public supply. We see that there is no robust evidence that an expansion of public supply crowds out private supply. If anything, there is some weak evidence that private enrollment increases: when looking only at the first four thresholds, we see a positive and weakly significant (at the 10 percent level) effect on private enrollment in preschool. If interpreted in the context of the theoretical model presented above, this evidence suggests that the difference in willingness-to-pay for preschool services between the demand segments is relatively large.
The results in Table 9 show the reduced-form and IV effects of larger transfers on quality indicators of municipal and private supply. We see that larger transfers−and the resulting expansion in public supply−have no significant impacts on the quality of private supply. This evidence is therefore consistent with the theoretical assumption we adopt that the quality level of private supply is fixed. In general, we also see no robust evidence that the expansion in municipal supply leads to systematic changes in quality indicators.
For robustness, in Table 10 we examine more directly the relationship between municipal and private supply, using theoretical transfers as instrument for municipal enrollment (Panel A) and municipal centers (Panel B). Once again, the estimates in this table do not show evidence that an expansion in public supply crowds out private supply.
Concluding Remarks
We have examined if and how an expansion in the supply of public preschool affects private provision. Using rich data for municipalities in Brazil from 2000-2006, we have used an RD design to exploit the fact that federal transfers received by local governments exhibit a non-linear and non-monotonic relationship with given population estimates. The results reveal that larger federal transfers lead to a significant expansion of municipal preschool, as measured by the number of centers and enrollment, but show no impacts on the quality or quantity of local private providers. These findings are consistent with a theoretical model in which households differ in willingness to pay for preschool services, and private suppliers optimally adjust prices in response to an expansion of lower-quality, free-of-charge public supply. In the context of the model, the absence of crowding-out effects of more municipal preschool providers can be rationalized by the existence of relatively large differences in willingness to pay for preschool services across different demand segments. 
Table 8. FPM Transfers and Preschool Supply
Notes: Reduced form regressions relate the relevant outcome to theoretical transfers. In the IV regressions, theoretical transfers serve as instrument for actual transfers. All regressions include a three order population polynomial, state and year fixed effects. Robust standard errors clustered at the municipal level in brackets. *, **, *** represent significance at the 10%, 5% and 1% level, respectively.
Table 9. FPM Transfers and the Quality of Preschool Supply
Reduced form regressions relate the relevant outcome to theoretical transfers. In the IV regressions, theoretical transfers serve as instrument for actual transfers. All regressions include a three order population polynomial, state and year fixed effects. Robust standard errors clustered at the municipal level in brackets. *, **, *** represent significance at the 10%, 5% and 1% level, respectively. 
